The aerodynamic characteristics and contrastive analysis of the high-speed train in different locations on multiple tracks under strong crosswind are studied numerically by the Reynolds-average method, and analyzed the effects of the velocity of train and the wind velocity on the high-speed train. The numerical results indicate that the aerodynamic forces on the train running on the second track are greater than that on the first track, that's to say, the safety is lower to run on the second track；under the same condition of the way and velocity of train, the aerodynamic forces increased significantly with the increasing of the wind velocity；under the same condition of the wind velocity, the aerodynamic forces of head coach increased significantly with the increasing of the velocity of the train, at the same time, the aerodynamic forces of middle coach and tail coach increase not very obviously.
lateral force increase rapidly, but have a bad effect on the lateral stability of the train, and even lead to overturn. Particularly for some special wind environment, such as grand bridge, viaduct and embankment, the change of the flow field around the train becomes more prominent, and the aerodynamic forces increase significantly. A relatively large body of research exists on this topic. Wind tunnel tests [1] were made to evaluate the aerodynamic characteristics of typical configurations of vehicles running on viaducts, bridges and embankments. A series of experimental measurements undertaken on different types of trains were summarized in Sterling et al. (2009) . What's more, a series of numerical simulations were conducted to investigate the aerodynamic forces acting on trains in crosswind. The aerodynamics and multi-body system dynamics of the high-speed train are combined to study the effects of crosswinds on the running safety of the high-speed train [2] . The unsteady aerodynamic characteristics of a generic high-speed train under crosswinds are studied numerically by the large eddy simulation(LES) method [3] .The unsteady aerodynamic characteristics of a high speed train in different operating conditions under cross wind were studied numerically by the 3D large eddy simulation method [4] . Numerical investigations of flows past a simplified train under different yawing conditions were summarized [5] . Diedrichs [6] discussed the flow past the leading two coaches of a train subjected to crosswinds for yaw angles in a wide range. Previous studies on crosswind stability usually with regard to single track, and neglected the difference between the two tracks, which cannot evaluate exactly the running safety of a train subjected to crosswinds. Numerical simulation method is used to study the difference of the aerodynamic forces of high-speed train running on different track in this paper, and the aerodynamic forces of the train under different vehicle speed and wind velocity are also investigated to confirm the limiting value of the running speed of the high-speed train in different working conditions, and providing reference to direct the safety running of high-speed train in generating area.
NUMERICAL MODEL

Model Geometry
The high-speed train used in the present work is a 1:1 geometrical scale of a CRH5G train. 
Computational Domain and Boundary Conditions
The computational domain used in the present work is shown in fig. 2 , the ballast, sleeper and rails are neglected in the computational fluid dynamics .the inlet provides a steady uniform velocity profile. The train was kept moving at a steady speed. The ground plane is a no-slip wall and the outlets are zero-pressure outlets, the roof is set as a symmetry. To ensure the fully development of the flow field and prevent the flow field around the train from the effect of the boundary conditions, 300m in length was reserved in the front and back of the test area, the breadth of computational domain is 400m, the windward side is 160m from the rail and the leeward side is 240m from the track. 
Computational Mesh
The computational meshes used in the present work were unstructured hexahedral grids. To ensure the velocity gradient near the wall was correctly represented four prism layer cells were applied to the surface of the vehicle, sparse grids were applied in the area away from the vehicle. A certain growth ratio was set to ensure the graded mesh, which not only meet the accuracy requirement, but decrease the calculated amount and accelerate the rate of convergence. The meshes consisted of more than 6×107 cells. Fig.3 shows the surface mesh of the vehicle. 
Numerical Method
The present work uses a steady state Reynolds Averaged Navier-Stokes （RANS）model to simulate the flow field around the train, and a k-e turbulence model is adopted. The velocity-pressure coupling is achieved by using SIMPLE （Semi-Implicit Method for Pressure Linked Equations）scheme. Numerical simulations are carried out using the commercial code FLUENT.
RESULTS
Aerodynamic Forces of the Vehicle on the Multiple Track
In order to obtain the comparison of the aerodynamic forces of the vehicle running on the multiple track, let the vehicle run on different track at a constant velocity under the same crosswind velocity and monitor the aerodynamic forces.
Table1 shows the comparison of the aerodynamic forces and upsetting moment of the vehicle running on the first track and the second track at the same velocity （160km/h） under the impact of the same crosswind velocity（35m/s）. From the data comparison what can we find out is that the aerodynamic forces and upsetting moment of the vehicle running on the second track are larger than those on the first track; at the same time, no significant difference were found among the six middle coaches, so the forth coach was chosen as the representative of the six middle coaches. 
The Aerodynamic Performance of the Vehicle Under Different Velocity of Crosswind
By analyzing the aerodynamic load of the vehicle through the computational domain at different velocity under the same velocity of crosswind, we can get the aerodynamic performance and the changing rule of the head coach, middle coach and the tail coach under the wind environment. Fig.5 and fig.6 shows the surface-pressure distribution nephogram of the windward and the leeward side of the vehicle when it getting through the computational domain at the same velocity(160km/h) under different velocity of crosswind (25m/s, 30m/s, 35m/s, 40m/s). Featured in the fig., subjected to double impact of the velocity of the vehicle and the crosswind ,the surface-pressure of the windward of the vehicle presents positive pressure while the leeward presents negative pressure, the maximum positive pressure appears on the tip of nose of the head coach and the vicinity of the second damper plate on the windward side. The vehicle squeeze the air during the operational process, the airflow stagnates at the tip of the nose, so the pressure here is larger than that in other places. With the increase in wind velocity, the aerodynamic impact of the crosswind on the vehicle becomes more violent, the positive pressure of the windward of the vehicle increases and the negative pressure of the leeward of the vehicle decreases, for what the aerodynamic forces and upsetting moment increase. 
ANALYSIS OF THE FLOW FIELD STRUCTURE
ANALYSIS OF THE AERODYNAMIC LOADING
The table2 shows the amplitude variation of the drag, side force, lift force and the upsetting moment of the vehicle when it was running in the computational domain at the velocity of 160km/h under different velocity of the wind (20m/s, 25m/s, 30m/s, 35m/s, 40m/s). When the velocity of crosswind is 20m/s, the amplitude variation of the upsetting moment of the head coach is 116.96kN·m, the amplitude variation of the upsetting moment of the middle coach is 64.65kN·m, and the amplitude variation of the upsetting moment of the tail coach is 40.53kN·m; when the velocity of crosswind increases to 40m/s, the amplitude variation of the upsetting moment of the head coach reaches to 357.94kN·m, the amplitude variation of the upsetting moment of the middle coach reaches to 217.46kN·m, and the amplitude variation of the upsetting moment of the tail coach reaches to 159.65kN·m. 
CONCLUSIONS
From what has been discussed in previous sections the follow main conclusions can be drawn.
(1)When the vehicle runs on different track at a constant velocity under the same crosswind velocity, the aerodynamic forces and upsetting moment of the vehicle on the second track are larger than those on the first track.
(2)The maximum positive pressure appears on the tip of nose of the head coach and the vicinity of the second damper plate on the windward side.
(3)With the increase of the wind velocity, the amplitude variation of aerodynamic forces and upsetting moment of the vehicle have a significant increase.
(4)The side force and upsetting moment are approximately proportional to the square of the wind speed.
